Southwestern blotting has been extensively used in studies aiming to the identification of sequence-specific DNA-binding activities in cellular extracts (1). While the sensitivity of this methodology aids to the detection of factors with low, specific DNA-binding affinities, the odd equilibrium and kinetics of the interaction of a DNA segment with a matrix of immobilized protein molecules, allow the simultaneous detection of additional proteins with high, nonspecific DNA-binding affinities, that are present in excess to the probing DNA sequence. Binding to these latter proteins is sometimes abrogated by competition with unlabelled specific DNA (and/or is not affected by unspecific DNA) and manipulating parameters such as ionic strength and pH may not enable the differentiation between specific and nonspecific interactions. In this report we utilized dimethyl sulfate (DMS) in a rapid in situ protection assay (DNA elution/ cleavage/purification performed in a single step) to distinguish specific from superfluous DNA-protein complexes on blotting membranes. Apart from providing complete information about a particular DNA-protein interaction (molecular mass of the protein component and protein-contact positions on the DNA), the small size and hydrophobic nature of this chemical reagent render it perfectly suitable for an assay of this kind because of the distinct microenvironments existing in the binding interface of specific and nonspecific complexes. Nonspecific DNA binding to immobilized targets is driven electrostatically (multiple, strong salt bridges with the polyanionic backbone of phosphate and sugar groups, lacking directionality) and by the release of counterions and water bound loosely to it. This transfer of ordered water and hydrated cations to bulk solvent strengthens the ionic DNA-protein interactions by making a favorable contribution to the reaction entropy, and creates an extended, virtually hydrophobic interface readily penetrable by DMS, which will methylate all accessible reaction sites. On the other hand, specific DNA binding involves primarily gradual formation of oriented hydrogen bonds and van der Waals contacts; as water is recruited from bulk solvent to correct 'imperfections' in complementarity, it builds a three-dimensional network linking DNA and protein which increases the number of direct and water-mediated hydrogen bonds, hence reinforcing binding and further driving the association. A 'compact' hydrophilic interface is thus generated which will exclude DMS by severely impairing its diffusional freedom, limiting its activity to only distorted and exposed base nitrogens. Conceivably, the methylation/cleavage pattern of the interface in DNA derived from nonspecific complexes will be markedly enhanced compared to its unbound counterpart, whereas that from specific complexes will exhibit protections and enhancements due to the specific contacts and specific binding-triggered perturbations, respectively. Although DNase I can in principle substitute for DMS as a probe in this assay (2), its bulky dimensions, mode of target searching and binding to cleave (2), and the requirement for Mg 2+ (which often stabilizes both specific and nonspecific complexes) highly reduce its potential to 'sense' the aforementioned differences.
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Total or partially purified nuclear proteins ( P-labelled restriction fragment or oligonucleotide bearing the putative binding site. The membrane sheet is exposed (wet) to X-ray film to locate regions of radioactive signal which are then cut with a razor blade and immediately immersed in 500 /J of 20 mM Tris-HCl, pH 8.0. After a 10' equilibration at 25°C, the radioactivity retained on the strips is measured for Cherenkov counts and a comparable amount of cpm of the same probe in solution is added to 250 /tl of 20 mM Tris-HCl, pH 8.0 in a separate tube and put aside awaiting treatment. The membrane strips are transferred with forceps into 500 pi of freshly made 0.18% (v/v) DMS (reagent grade) solution in 20 mM Tris-HCl, pH 8.0 and incubated for 25-40" at 25°C (to avoid variations in the exposure of samples to DMS, during the DMS addition step no more than one sample should be handled at a time). Although the longer the DNA probe the shorter the length of incubation to achieve the desirable single modification per molecule, we have found (employing probes of various lengths) that the above combination of reaction time and DMS concentration ensures that single-hit kinetics is followed (the percentage of uncut DNA in the final analysis is greater than 70%, Figure 1 ) and sufficient cleavage for a good signal-to-noise ratio is generated. Due to the increased kinetic stability of a filterimmobilized DNA -protein complex (reversible binding to even low-affinity proteins is enhanced because the excess unbound DNA fraction has been washed out and hence is not exchangable), these reaction parameters are not determined by the dissociation rate of the complex, which interferes with DMS protection assays performed in solution. Methylations are quenched by quickly removing the strip (with forceps) and immersing it in a tube * To whom correspondence should be addressed were used in a quantitative southwestern assay; the DNA probe was a 42-bp synthetic oligonucleotide (^P-labelled at the 5' end of the upper strand) containing the 24-bp K site of the Tg promoter employed as probe in the previous southwestern and mobility-shift assays [K probe (7)], flanked on either side by 9-bp linker sequences. Membrane regions corresponding to the specific and nonspecific DNA-protein complexes (SC and NSC, respectively, see below) were excised, and the bound DNAs subjected in situ to DMS treatment and subsequent piperidine elution/cleavage as outlined in the text. An equal amount of radioactivity of the same probe in solution (FREE in panel II.) was also treated in a similar manner. (II.) DNAs isolated from both treatments were dectrophoresed through a 14% sequencing gel for comparative analysis of the three cleavage patterns. Because of the high OA content of the labelled upper strand and the conditions of solvolysis in piperidine [production of strong bands signalling As, C and G bands of medium intensity, and weak T bands (11)], Maxam and Gilbert G+A reactions of both DNA strands were used for accurate base assignments (lettered on the left and right of the panel). Black-filled circles (and the dashed bar) indicate residues in the SC-derived DNA protected from methylation by the bound protein and asterisks denote purines in the same lane displaying enhanced reactivity. The outermost bracket (except from the gap region) demarcates residues identified previously by DMS interference analysis (7). containing 1 ml of freshly prepared DMS stop solution A (20 mM Tris-HCl, pH 7.3, 0.5 M /9-mercaptoethanol, 15 mM EDTA) prewarmed to 30°C. After 5' at 30°C (inactivation of DMS is faster at this temperature) the filter is transferred into a new tube, rinsed twice (by gentle vortexing) with 1 ml of 20 mM Tris-HC1, pH 7.3 to remove all traces of reagents, and subsequently submerged in 250 /i\ of 5 % (v/v) freshly-diluted piperidine (reagent grade), 0.2 M NaCl, and 5 mM EDTA in a silanized 0.5-ml tube. The tube is capped using conformable tape as a cap liner and heated for 75-90' at 90°C. Under the strongly denaturing conditions of the digestion with hot aqueous piperidine (90°C, pH > 12) and the presence of salt, the membrane-bound complex is disrupted and the cleaved DNA strands are quantitatively released [hydrophobic membranes comprised of unsupported or supported nitrocellulose (e.g. S&S's BA85, Millipore's Irnmobilon-NC, Amersham's Hybond-C/C extra) should not be used because they are dissolved during this process]. Following vigorous vortexing of the tube and brief centrifugation the strip is carefully lifted with the aid of a syringe needle and discarded; 10 /ig of glycogen is added as carrier, and the radioactive DNA is purified piperidine free by quick 1-butanol/l-butanol-SDS precipitations as described (6) . The recovered DNA is redissolved in 250 /il of 0.3 M sodium acetate, extracted successively with phenol/chloroform/isoamyl alcohol and chloroform/isoamyl alcohol (removal of filter-detached proteins), and precipitated by 2.5 volumes of ethanol. At this stage the free DNA sample is subjected to the same chemical procedure (dispensing 0.45 /tl of DMS, mixing by vortexing, incubating for 25 -40" at 25°C) which is terminated by adding 150 iA of DMS stop solution B (1.33 M /S-mercaptoethanol, 0.8 M sodium acetate, pH 7.0, 15 mM EDTA, 66 /xg/ml carrier glycogen) and vortexing, followed by direct ethanol precipitation. The DNA is reprecipitated from 0.3 M sodium acetate to remove residual reagents and salt, the pellet is washed with 80% ethanol, and subjected to piperidine cleavage and purification as before. DNAs obtained from both treatments are rinsed with 80% ethanol, vacuum-dried, and equal cpm in standard formamide loading buffer are analyzed on a denaturing gel of the appropriate acrylamide concentration. Figure 1 shows the application of our method to a previously elaborated system. A recent study (7) employed a southwestern procedure to investigate the apparent molecular size(s) of TTF-2, a thyroid-specific activity stimulating thyroglobulin (Tg) transcription by binding to the K site of the Tg promoter (8, 9) . This analysis revealed two proteins of ~ 60 kDa and > 100 kDa, whose binding to the K probe was abolished by homologous competition experiments. The existence of two factors of different molecular masses with similar DNA-binding specificities was examined in a mobility-shift assay which, however, detected only one specific complex under a variety of conditions tested. It remained therefore undetermined which of the proteins identified by the southwestern assay was responsible for its generation. Our in situ DMS probing technique carried out on the two filterimmobilized species enabled the identification of the ~ 60 kDa protein as the true complex participant by clearly demonstrating its specific nature. DNA derived from this area of the blot displayed four strongly protected purines within the methylation interference pattern obtained from the gel-retarded complex (7), whereas DNA bound to the > 100 kDa species revealed either no effect or enhancements throughout the corresponding and adjacent regions (Figure 1 ; a single protection seen near the top of the NSC lane corresponds to a base located in the synthetic linker region, outside of the relevant K sequence). The increased reactivity observed at the boundaries of the protected bases (Figure 1 , SC lane) suggests protein binding-induced conformational alterations of the DNA leading to more exposed reaction sites, or formation of lipophilic pockets by the protein on the DNA 'tunnelling' the reagent and augmenting its local concentration.
